Summary
Introduction
While there are many available options for achieving weight loss (1), higher protein (HP) diets have garnered considerable attention within the general populous and scientific community due to potential beneficial effects on satiety, postprandial thermogenesis, resting energy expenditure, body composition and certain cardiometabolic risk factors (2) . Further, evidence from multiple systematic reviews and meta-analyses support modestly greater effects of HP compared to lower protein diets on weight/fat loss, lean mass retention, triglycerides and/or blood pressure (3) (4) (5) . Although at least one meta-analysis found no beneficial (or detrimental) effect of HP diets on these outcomes (6) .
The widespread interest in HP diets has led to research to determine the importance of protein source/type (e.g. animal vs. vegetable ( (7, 8) ), soy (9) , milk/dairy (10) , red meats (8, (11) (12) (13) ) on weight loss and/or cardiometabolic outcomes. In particular, red meat (beef, pork, veal, lamb and mutton) has been the subject of substantial scientific debate (14) (15) (16) . Recommendations to limit or restrict red meat consumption (17, 18) are common due to positive associations between its consumption and cardiovascular diseases (19) , type 2 diabetes (20) and cancer (21, 22) in observational studies. According to the 2015 Dietary Guidelines for Americans, eating patterns that include lower intake of red meats are associated with reduced risk of obesity (18) . However, findings from randomized controlled trials largely find no detrimental impact of lean red meat consumption on markers of cardiometabolic health during weight loss (8, 23) and weight maintenance (11) (12) (13) . Red meat is a major contributor to overall protein intake and represents 58% of all meat consumption in the United States (24) . Therefore, its exclusion from the diet represents a potential barrier to the long-term adoption of HP diets.
Previous randomized clinical studies demonstrated that lean beef (11, 12) and pork (13) can be effectively incorporated into dietary patterns for improving cardiometabolic health during weight maintenance conditions. At least two randomized clinical trials found that including red meat in energy-restricted diets does not negatively influence weight loss or improvements in cardiometabolic health (8, 23) . However, previous weight loss intervention trials were limited by relatively small sample sizes, absence of a HP control diet with no red meat (8, 23) and the manipulation of multiple dietary components (23) . Therefore, this randomized equivalence trial in 120 adults with overweight/obesity was conducted to determine the impact of consuming two HP diets (1: ≥4 weekly servings of lean beef [B] vs. 2: no red meat consumption [NB]) on weight loss, body composition and cardiometabolic health during a 16-week weight loss intervention. It was hypothesized that B and NB would result in equivalent weight loss (primary aim) and that beneficial changes in body composition and cardiometabolic health would not differ between groups.
Methods

Participants
One-hundred twenty individuals (99 female, 21 male) were recruited from the Denver, CO metropolitan area to participate in a behavioural weight loss study at the University of Colorado Anschutz Health and Wellness Center (AHWC; Figure 1 ). Inclusion criteria for the study were: male or female; age 18-50 years; BMI ≥ 27.0 kg m À2 ;
weight stable (± 3 kg in previous 3 months); able to progress to 70 min day À1 of moderate intensity exercise;
willing to comply with all study procedures including attendance to 16 weekly classes and three study visits. 
Experimental design
All participants participated in the State of Slim (SOS) weight management program, which is a 16-week group-based, lifestyle modification program (25) . The program consisted of weekly classes of 20 participants that were stratified by diet assignment. A copy of the SOS book and access to the online SOS community were provided to all participants. Membership to the AHWC fitness facility was also provided to participants for the duration of their participation in the study. Participants were randomly assigned to one of two experimental diets; a HP diet with instructions to consume ≥4 weekly servings of lean beef as the only source of red meat (B) or a HP diet with instructions not to consume any red meat for the duration of the study (NB). Body weight, body composition and indices of cardiometabolic health were measured at baseline and after completing the weight loss intervention (week 16). The study was registered on ClinicalTrials.gov (NCT02627105) and included a 2-month follow-up period following the 16-week weight loss intervention. Because the primary objective of the current study was to assess the equivalence of B and NB for weight loss during the active intervention, results from the follow-up period are not reported here.
Diet intervention
The SOS diet plan is HP, low in fat and emphasizes nonstarchy (i.e. vegetable) and whole-grain carbohydrates ( Table 1 ). The diet is plan is structured into three distinct phases with phase-specific food choices from which participants can chose to eat in defined portions rather than counting calories. The SOS diet plan utilizes five 'Diet Rules' through all three phases of the diet to encourage weight loss: (i) Eat 6 times per day; (ii) Have breakfast within 1 h of waking; (iii) Don't count calories, measure portions; (iv) Have the right carbohydrate and protein mix at every meal (one carbohydrate and one protein at every meal, vegetables as only carbohydrate source at three meals); and (v) Eat a healthy fat twice a day.
Participants completed daily food logs throughout the 16-week weight loss intervention. However, the logs were not designed or intended as a measure total energy consumption or macronutrient distribution. Rather, the logs were used as a self-monitoring tool to enhance weight loss (26) and as an indicator of beef consumption during the study. Self-reported energy intake and macronutrient distribution were not tracked during the study because a principal aspect of the SOS program is to focus on portion sizes rather than counting calories (Diet Rule #3 above). A detailed food log would therefore be inconsistent with the goals and structure of the program. Further, self-reported measures of food intake are highly unreliable, and their suitability for use in clinical research has been questioned (27) .
Protein foods throughout the entire SOS program are lean and minimally processed (i.e. lean meat and poultry, fish, egg whites and fat-free dairy). Lean beef is included in all three phases of the published diet plan. Prescribed food lists and portion sizes for the SOS diet plan (as published in the SOS book) are presented in Tables 2-4. All participants in the study were provided with a SOS book and instructed to select foods from the list with additional group-specific instructions. Specifically, participants randomly assigned to B were instructed to consume ≥4 weekly servings of lean beef from the options included in the food lists. Participants assigned to NB were instructed not to consume any red meats (beef, pork, veal, lamb and mutton) for the duration of the study. Consuming four weekly servings of lean beef would result in~20 ounces or 567 g (recommended portion size is 4-6 ounces) of total red meat consumption per week, which is comparable with total mean red meat consumption for US adults aged 20-49 years (80 grams per day) (24) . Recommended sources of non-beef dietary protein and total recommended protein consumption were the same between B and NB. (25) . Group-specific diet analyses (B vs. NB) were not completed as part of the study, but recommendations for total energy, carbohydrate, protein, fat and fibre intakes were the same for B and NB.
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Body weight was measured using a digital platform scale (PS-6600 ST, Befour, Inc., Saukville, WI, USA) at baseline and week 16 in a fasted-state with the participant wearing light clothing and after voiding. Height was measured using a stadiometer at baseline. Body mass index (BMI; kg m À2 ) was calculated using these measurements. Body All participants in the study were provided with a copy of the book and instructed to choose foods and portions from list and given additional group-specific dietary instructions (B: ≥4 weekly servings of lean beef but no other sources of red meat, NB: no red meats). † Salmon also counts as 1 fat.
Abbreviations: oz, ounces; tbsp, tablespoon.
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Cardiometabolic health
Two blood samples were obtained from an antecubital vein by a trained phlebotomist after an overnight fast at baseline and week 16. One sample was processed to obtain plasma, and analyses for glucose, total cholesterol, low-density lipoprotein cholesterol (LDL; calculated), high-density lipoprotein cholesterol (HDL) and triglycerides were completed by the UC Health Clinical Laboratory within 24 h of collection. A wholeblood sample was sent to the UC Health Clinical Laboratory and analysed for haemoglobin A1c (HbA1c) within 72 h of collection. Blood pressure (BP) was measured at the left upper arm by trained research staff using a manual sphygmomanometer after the participant rested quietly in a seated position for ≥5 min with his/her legs uncrossed and back and arms supported.
Statistical analysis
Study data were collected and managed using REDCap electronic data capture tools hosted at University of Colorado -Anschutz Medical Campus. REDCap (Research Electronic Data Capture) is a secure, webbased application designed to support data capture for research studies, providing: (i) an intuitive interface for validated data entry; (ii) audit trails for tracking data manipulation and export procedures; (iii) automated export procedures for seamless data downloads to common statistical packages; and (iv) procedures for importing data from external sources (29) . This randomized equivalence clinical trial was powered on the intent-to-treat (ITT) analysis using two one-sided ttests (TOST) to establish equivalence for percent weight loss (primary outcome) between the B and NB groups. An interval of À2.5 to 2.5% of the between-group mean difference in percent weight loss over 16 weeks was considered clinically equivalent in this study. When delivered as a fee-based program at the AHWC, average percent weight loss during the SOS program is 10.4 ± 4.6%. With these parameters and 60 participants per arm, a statistical power calculation indicated there was 81% power at 5% significance to establish clinical equivalence between two treatments using TOST or the between group difference in least square means (LSMEANS) plus a 90% confidence interval (CI). This power analysis assumed no expected difference between groups. Demographic, baseline clinical and lab data were summarized by treatment groups (B vs. NB) using descriptive statistics and reported as mean ± SD. Imbalance in these data was examined using Student's t-tests. Any significantly imbalanced confounding variables from the analysis of baseline data were adjusted using a linear regression model. Any participants with one or more observations after intervention were analysed, and baseline-observation-carried-forward (BOCF) was used for missing data points at week 16. Equivalence was assessed a 90% CI of the mean between-group difference in % weight loss between two groups, which is equivalent to using TOST. Changes in body weight are reported as % body weight loss (mean ± SD).
Changes in body composition and cardiometabolic health were secondary outcomes, and a priori statistical power calculations were not completed to determine equivalence in these outcomes. In order to assess the between-and within-group differences, a linear mixed effects model was used to test effects of time (baseline vs. week 16), group (B vs. NB) and their interaction term on changes in body composition (fat mass, lean mass and WC) and cardiometabolic health (glucose, total cholesterol, LDL, HDL, triglycerides, HbA1c and BP). Changes in body composition and cardiometabolic health are reported as LSMEANS ± SE, and α = 0.05 was used to determine statistical significance.
Results
Participant characteristics
The mean age of participants was 37.6 ± 8.1 years with BMI of 35.7 ± 7.0 kg m À2 at baseline. Indices of cardiometabolic health were within normal reference ranges (Table 5) . Participants randomly assigned to B were 3 years younger than participants assigned to NB (36.0 ± 8.3 years vs. 39.3 ± 7.8 years, p = 0.026). Compared to those who completed the study, participants who withdrew from the study were younger (33.3 ± 8.1 years vs. 38.5 ± 7.9 years, p = 0.010) and had lower fasting total (147.1 ± 23.3 mg dL À1 vs. Weight loss and body composition Percent weight loss was equivalent in B and NB (B: 7.8 ± 5.9% vs. NB: 7.7 ± 5.5%, Figure 2 ). Total body mass and fat mass were significantly reduced at week 16 compared to baseline in B and NB with no differences between groups (Figure 3 ). Total lean mass was not different at the conclusion of the intervention compared to baseline (Figure 3) . Waist circumference was reduced at the end of the intervention in both groups, but the reduction was greater in NB compared to B (10.6 ± 1.0 cm vs. 7.0 ± 1.0 cm, p = 0.034). However, reductions in trunk fat measured by DXA were not different between B (4.4 ± 0.4 kg) and NB (4.7 ± 0.4 kg; p = 0.55). 306 The Beef WISE Study R. Drew Sayer et al.
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In both B and NB, total cholesterol, LDL, triglycerides, systolic BP and diastolic BP were reduced at week 16 compared to baseline with no differences between groups (Table 6 ). High-density lipoprotein cholesterol, glucose and HbA1c did not change over 16 weeks (Table 6 ).
Discussion
Consistent with the hypotheses, the B and NB diets produced equivalent reductions in body weight and improvements in body composition and cardiometabolic health. While there was a greater decrease in WC in the NB group, no differences in amount of trunk fat assessed by DXA were observed. Findings from the current study indicate that lean beef can be effectively incorporated into a HP diet for weight loss and improving body composition and cardiometabolic health. Weight loss in the current study (~8%) was slightly lower than the average weight loss for SOS when delivered as a fee-based program through the AHWC (~10%). This discrepancy in weight loss between SOS when delivered in research vs. commercial settings likely occurred due to the use of ITT analysis with BOCF for non-completers in the current study. In addition, participants in the current study received the SOS program free-of-charge, and it is possible that paying for the program -as in the commercial program at the AHWC -could enhance motivation and result in greater weight loss. A relative retention of lean mass during weight loss is a commonly cited benefit of high vs. standard protein diets (2) that is supported by results from meta-analyses in young, middle-aged (5) and older adults (3). While there was no standard protein group for comparison, the virtually complete retention of lean mass observed in the current study deserves mention. Approximately 95% of changes in total mass were due to changes in fat mass, and lean mass was not significantly reduced by the weight loss intervention in either group. Future research comparing the SOS weight loss program with a HP diet vs. a standard protein diet is warranted in light of past observations that~25% of typically observed reductions in total body mass are due to a loss of lean mass (3, 30) .
The upper age limit for the current study was 50 years, and the average age of participants was 38 years. The impact of the SOS weight loss program on lean mass retention should be tested in older adults, particularly those with or at risk for sarcopenic obesity. Weight loss is often discouraged in these individuals due to justifiable concerns regarding frailty, disability and loss of independence related to skeletal muscle loss (30) . Thus, effective weight loss interventions that preferentially reduce body fat would substantially influence strategies for the prevention and treatment of sarcopenic obesity.
Results of the current study add further support to other evidence from randomized clinical trials demonstrating that consuming lean, minimally processed red meats does not adversely affect weight loss (8, 23) or improvements in indices of cardiometabolic health when consumed as part of 'healthy' dietary patterns (11) (12) (13) 31) . The current study builds upon findings from past research by investigating the impact of lean beef consumption within the context of a HP diet for weight loss in a large randomized equivalence trial. Achieving ≥5% weight loss is widely recognized to elicit health Figure 2 Mean difference in weight loss between Beef and Non-beef groups. Equivalence was assessed using a 90% CI of the mean between-group difference in % weight loss between two groups. An interval of À2.5% to 2.5% (vertical bars) of the between-group mean difference in percent weight loss over 16 weeks was considered clinically equivalent. Changes in body weight were equivalent between Beef and Non-beef groups. Figure 3 Changes in total, fat and lean mass. Linear mixed models (SAS, Proc Mixed) were used to assess changes in total, fat and lean between groups (Beef vs. Non-beef) and over time (Baseline vs. Week 16). Significant reductions in total and fat mass were observed that did not differ between Beef and Non-beef. Lean mass at Week 16 was not significantly different from Baseline in either group. Change in mass presented as LSMEANS ± SE from linear mixed model and * indicates a significant change from Baseline.
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The Beef WISE Study R. Drew Sayer et al. 307 benefits (32) (33) (34) , and the current study demonstrates that regularly consuming lean beef for 16 weeks does not influence weight loss or the resultant improvements in cardiometabolic health. These findings are consistent with those of Ziegler et al. (23) and Hill et al. (8) indicating that weight loss improved cardiac vagal function and metabolic syndrome criteria, respectively, independent of red meat consumption. A recent meta-analysis of randomized controlled trials also concluded that consuming ≥0.5 daily servings of red meat does not influence blood lipids/lipoproteins or BP compared to consuming <0.5 servings of red meat/d (35) . Participants randomized to B in the current study were instructed to consume ≥4 weekly servings of lean beef, which is~0.6 servings of red meat/d and further corroborates the results of the meta-analysis.
The overall participant retention rate was 82.5% for the current study, but dropout rates differed by diet assignment. However, numerical differences in retention rates between B and NB were not confirmed statistically. Fifty-three of 60 participants (88%) randomly assigned to B completed the study compared to 46 of 60 (77%) of those assigned to NB. Greater perceived diet/nutritional deprivation has been associated with poorer dietary adherence (36, 37) . The SOS diet plan includes lean beef along with other protein sources that are low in fat and saturated fat (25) , and both groups followed the same SOS plan except for the NB group was instructed to abstain from consuming beef. It is possible that the inclusion of lean beef in the published diet plan coupled with the broad popularity of beef (24) led to greater feelings of deprivation and diet inflexibility in the NB group leading to a greater dropout rate.
A major strength of the current study is the use of a randomized equivalence trial design (38) . Previous work by our group indicated that the equivalence design was more conservative (least likely to show group-level differences) than several alternative methods including linear mixed models, multiple imputation, ANCOVA and independent t-tests (39) . The use of a popular and evidence-based weight loss program (SOS) (25) represents an additional strength of the current study. Participants assigned to B received the SOS program with very limited alterations (non-beef sources of red meat were excluded) and is therefore available to the general public through the published book and/or participation in the commercial, fee-based SOS program. The current study is limited in some aspects including the lack of a standard defined protein control group, which would allow more definitive conclusions regarding the impact of the HP diets on study outcomes, especially the observed lack of changes in lean mass. Although no influence of sex was observed for any study outcomes, the majority of participants in the current study were women and results may not fully extrapolate to men. Last, the current study was of relatively short duration, and the results should not be extrapolated beyond the constraints of the study design (i.e. 16 weeks, majority of participants as women, age limited to 18-50 years). Future studies of longer duration and in diversified populations are required to fully evaluate the effectiveness of consuming red meat during weight loss and for long-term weight loss maintenance.
In conclusion, consuming lean beef within the context of a HP weight-reducing diet resulted in equivalent reductions in body weight and no difference in improvements of body composition and cardiometabolic health compared to a HP that was restricted in red meats.
Results of this study demonstrate that HP diets -either rich or restricted in red meat intakes -are effective for decreasing body weight (especially body fat) and improving cardiometabolic health.
